Acetyl methyl oleanolate was transformed into a seven-membered C-lactam derivative (2) using Beckmann rearrangement of the corresponding C-oxime during the last step of the synthesis. The C=O group of the lactam system was transformed into a C=S group by Lavesson's reagent. The resulting acetylthiolactam 3 and initial acetyllactam 2 were subjected to alkaline hydrolysis to obtain lactam 4 and thiolactam 5 with an unsubstituted C-3 hydroxyl group. Subsequently, compounds 4 and 5 were acylated with either succinic or acetic anhydride in pyridine. Various acylating conditions were tested for hydroxythiolactam 5. The structures of the newly obtained compounds were supported by spectral and mass spectrometric data.
Oleanolic acid (OA) is one of the best known triterpenes of the oleanane group that occurs abundantly throughout the plant kingdom [1] . It is commonly employed as a substrate for numerous chemical transformations. The hydroxy group at the C-3 position, the double bond between C-12 and C-13, and the carboxyl at C-17 are the most commonly used features to synthesize new derivatives of OA. Esterification of the 3-hydroxyl of the starting triterpenoid with larger and more hydrophobic (in comparison with the free OH group) acyl group considerably changes the biological activity of a compound, which has often been reported in the literature [2a-c] .
The 3-hydroxy group can be acylated with acid anhydrides in pyridine at either room [2a-c] or higher temperature [3] , or with either acid anhydrides in pyridine with 4-dimethylaminopyridine (DMAP) [4a,b] or in refluxing pyridine or toluene with DMAP [5] , or in dichloromethane [6] . Acylation of the C-3 hydroxyl group can be also performed with carboxylic acids in THF with DMAP and dicyclohexylocarbodiimide (DCC) [3] , with acyl chlorides in the presence of triethylamine [3] , DMAP [2c] or with no base [10] . The application of the above methods led to OA acetates [3, 4a,b] , trifluoroacetates [2a] , butyrates, cinnamates [3] , oxalates, malonates [7] , succinates [3, [5] [6] [7] , glutarates [2b,7] , adipates [2c,7] , octanates, sebacates [7] and phthalates [5] .
Among OA derivatives, special attention should be paid to lactams, which can be obtained by Beckmann rearrangement of oximes in the presence of e.g. POCl 3 . Lactams are not commonly synthesized derivatives of OA. The only known seven-membered A-ring lactams are OA derivatives [8a] and OA morpholide derivatives [8b] . There is also one known type of six-membered A-ring lactam derivative [9] . Recent chemical experiments concerning OA derivatives resulted in the synthesis of a new class of products, with a C-ring lactam system [10] .
3-Acetyllactam 2 and 3-acetylthiolactam 3 were obtained from OA in a multistep set of syntheses, according to the method described in the literature [10] . Next, compounds 2 and 3 were subjected to hydrolysis in a boiling ethanolic solution of NaOH (Scheme 1). The presence of a C-3 hydroxyl function was deduced on the basis of spectral data typical for other triterpenes, for example OA [11] .
To study the behavior of compounds 4 and 5 with a free OH function at the C-3 position under various acylation conditions, we tried to acetylate them again with acetic anhydride in pyridine at room temperature. The new compounds were characterized by spectral data as 3β-acetoxy-12-oxo-12a-aza-C-homoolean-28-oic acid methyl ester (2) and 3β-acetoxy-12-thioxo-12a-aza-Chomoolean-28-oic acid methyl ester (3) . Surprisingly, acetylation of compounds 4 and 5 in boiling acetic anhydride gave the same product, acetyllactam 2. Such results indicate that desulfurization of the thiolactam 5 is probably due to the presence of refluxing acetic acid that originates from the acetic anhydride, and which may remove the sulfur by hydrolysis.
We also tried to replace the oxygen atom within the lactam system of the 3-hydroxyderivative 4 with a sulfur atom using Lavesson's reagent in refluxing benzene. The main product was isolated from a mixture of compounds by column chromatography, giving a yield of about 46%. Spectral data helped to identify the product as 3βhydroxy-12-thioxo-12a-aza-C-homoolean-28-oic acid methyl ester, identical with 3-hydroxythiolactam 5, obtained by alkaline hydrolysis of the corresponding 3-O-acetylthiolactam 3.
The procedure described above, but performed at room temperature, led to a mixture with the same composition. However, the main product 5 was isolated with a yield of only about 30%.
Succinic anhydride was another acylation agent used for the substitution at position 3 and both acylation methods mentioned previously were tried. A solution of triterpene and succinyl anhydride was left at room temperature in pyridine for one day. Because succinyl derivative 6 was not formed, we heated the reaction mixture for 4 hours under reflux. In this case only a small amount of the expected product 6 was obtained. Success was achieved only when the reaction was performed in refluxing pyridine in the presence of DMAP. This compound is a very effective agent for accelerating the acylation of secondary and tertiary alcohols, as well as amines, phenols and enols [12a-c] .
The best medium for the acylation reaction in the presence of DMAP is pyridine. The mechanism of this reaction is known from literature data [12a-c,13] ; this is presented for triterpenes with a free C-3 hydroxyl function and succinic anhydride in Scheme 2.
As a result of the DMAP and succinic anhydride reaction the Nsuccinyl-4-(dimethylamino)pyridinium salt is formed (Scheme 2). This product is in fact an acylating agent and occurs in several tautomeric forms. One of these, with a free electron pair located on pyridynium nitrogen, undergoes the next step of the transformation: the electrophilic addition of a C-3 hydroxyl group of triterpenes 4 or 5 to the carbonyl group linked with the nitrogen atom. As a result, the unstable oxonium ions 4.1 or 5.1 are formed. This step determines the rate of the reaction. The molecule of DMAP is eliminated from the above intermediate 4.1 or 5.1 and the proton from the C-3 hydroxy function migrates to the carboxylic anion. As a result of these transformations, products of an ester nature (6 or 7) are formed.
The presence of a succinyl function in lactam 6 was confirmed in the IR spectrum by the presence of a strong absorption band for an OH group within a carboxyl function observed at 3150 cm -1 , and two other signals for carbonyl groups within the succinyl residue at 1705 and 1695 cm -1 . The signal derived from the C-28 carbonyl function was observed at 1710 cm -1 . In the 1 H NMR spectrum, a broad singlet was present at δ 10.0. This signal derived from a proton within a carboxyl proton of the above succinyl group. The shift of the C-3 proton signal from δ 3.20 (for 3-hydroxylactam 4) to δ 4.52 (for 3-O-succinyllactam 6) was also observed. The protons of the -CH 2 -CH 2 -group within the succinyl function formed, in the 1 H NMR spectrum, a multiplet located at δ 2.68 -2.42. The signals derived from the alkyl carbon atoms of the succinyl group in the 13 C NMR spectrum were situated at δ 29.4 and 29.0, and the signal for the carbon atom of the free carboxyl group was noticed at δ 171.7. The DEPT spectrum presented 8 signals derived from CH 3 groups, 12 from methylene groups and 5 indicating the presence of tertiary carbon atoms in the molecule. There was a well-defined signal in the MS at m/z 601.4 corresponding to the molecular ion of the obtained compound 6.
As for the acylation of lactam 4 with succinic anhydride, the reaction of thiolactam 5 with succinic anhydride also demanded the application of refluxing pyridine and DMAP and it led to the main product 7 with a yield of about 86%. The spectra of compound 7 presented all the signals for 3-O-succinoyl and thiolactam groups.
The obtained succinyl derivatives 6 and 7 were subjected to mild alkaline hydrolysis in a boiling ethanolic solution of NaOH. Compounds 4 and 5, respectively, were obtained as the only products. The spectral data of 4 and 5 were identical with those obtained for the products of mild alkaline hydrolysis of the earlier described acetyl derivatives 2 and 3.
In order to confirm the structure of the obtained succinyl derivatives 6 and 7 one additional transformation was performed in which the lactam carbonyl oxygen atom of compound 6 was substituted by the action of Lavesson's reagent. In refluxing benzene a mixture of products was obtained. After purification by column chromatography thiolactam 7 (yield about 60%) was obtained, the same as the product of acylation of thiolactam 5 with succinic anhydride.
Experimental
General: As presented in literature data [10] . 
Alkaline hydrolysis of 3β-acetoxy-12-oxo-12a-aza-C-homoolean-28-oic acid methyl ester (2) to compound 4:

Acylation of 3β-hydroxy-12-oxo-12a-aza-C-homoolean-28-oic acid methyl ester (4) with acetic anhydride in pyridine to compound 2:
Acetic anhydride (0.9 mL, 1.02 g, 10 mmol) was added dropwise to a cooled solution of compound 4 (502 mg, 1 mmol) in dried pyridine (25 mL). The reaction mixture was left at room temperature for one day. Next, it was poured into water (250 mL), slightly acidified with HCl, the precipitate was filtered off, washed with water, dried and crystallized. Yield: 495 mg, 91.0%. Colourless needles (ethanol). MP: 288-289.5 o C. Spectral data and melting point agreed with literature data [10] .
Alkaline hydrolysis of 3β-acetoxy-12-thioxo-12a-aza-Chomoolean-28-oic acid methyl ester (3) to compound 5:
A solution of compound 3 (560 mg, 1 mmol) in 5% ethanolic solution of NaOH (45 mL) was refluxed for 15 min. Next, it was cooled, poured into water (225 mL), slightly acidified with HCl, the precipitate was filtered off, washed with water and dried. Yield: 468 mg, 90.3%. White powder (precipitated from ethanolic sol.). MP: 185-188 o C. 
Acylation of 3β-hydroxy-12-thioxo-12a-aza-C-homoolean-28-oic acid methyl ester (5) with acetic anhydride in pyridine:
Acetic anhydride (0.9 mL, 1.02 g, 10 mmol) was added dropwise to a cooled solution of compound 5 (520 mg, 1 mmol) in dried pyridine (30 mL). The reaction mixture was left at room temperature for one day. Next, it was poured into water (150 mL), slightly acidified with HCl, the precipitate was filtered off, washed with water, dried and crystallized. Yield: 500 mg, 89.1%. MP: 234-237 o C. Spectral data and melting point agreed with product 3 and with literature data [10] . 3β-hydroxy-12-thioxo-12a-aza-C-homoolean-28-oic  acid methyl ester (5) with refluxing acetic anhydride: A solution of compound 5 (520 mg, 1 mmol) in acetic anhydride (8 mL) was heated under reflux for 15 min. Next, it was cooled, poured into water with ice (40 mL), the precipitate was filtered off, washed with water and dried. The resulted yellowish residue (500 mg) was subjected to column chromatography (AcOEt) and the obtained white residue was crystallized. Yield: 455 mg, 83.5%. White, thick needles (ethanol). MP: 289-290 o C. Spectral data and melting point agreed with compound 2 and with literature data [10] .
Acylation of
Replacement of oxygen atom with sulfur atom within lactam system of 3β-hydroxy-12-oxo-12a-aza-C-homoolean-28-oic acid methyl ester (4):
To a hot solution of compound 4 (502 mg, 1 mmol) in dried benzene (20 mL) Lavesson's reagent (404 mg, 1 mmol) was added. The resulted solution was heated under reflux for 30 min. Next, it was cooled, washed with 5% solution of K 2 CO 3 and water, dried with MgSO 4 and evaporated to dryness. The resulting yellowish oil (515 mg) was subjected to column chromatography (C 6 H 6 -AcOEt, 2:1) and the obtained slightly yellowish, solidified oil was crystallized. Yield: 480 mg, 46.1%. MP: 186-190 o C Spectral data and melting point agreed with compound 5.
3β-Succinyloxy-12-oxo-12a-aza-C-homoolean-28-oic acid methyl ester (6):
To a hot solution of compound 4 (502 mg, 1 mmol) in dried pyridine (25 mL), DMAP (1.22 g, 10 mmol) and succinic anhydride (1.00 g, 10 mmol) were added. The resulting solution was heated under reflux for 2 h. Next, the mixture was cooled, poured into water with ice (250 mL), slightly acidified with HCl, the precipitate was filtered off, washed with water and dried. The resulting creamy precipitate (580 mg) was subjected to column chromatography (C 6 H 6 -acetone, 1:1) and the obtained slightly yellowish, solidified oil was crystallized. 378 Natural Product Communications Vol. 9 (3) 2014
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Alkaline hydrolysis of 3β-succinyloxy-12-oxo-12a-aza-Chomoolean-28-oic acid methyl ester (6):
A solution of compound 6 (602 mg, 1 mmol) in 5% ethanolic solution of NaOH (15 mL) was heated under reflux for 20 min. Next, it was cooled, poured into water (75 mL), slightly acidified with HCl, the precipitate was filtered off, washed with water, dried and crystallized. Yield: 441 mg, 88.0%. MP: 256-257 o C. Spectral data and melting point agreed with compound 4. -12-thioxo-12a-aza-C-homoolean-28-oic  acid  methyl ester (7) : To a hot solution of compound 5 (520 mg, 1 mmol) in dried pyridine (30 mL), DMAP (1.22 g, 10 mmol) and succinic anhydride (1.00 g, 10 mmol) were added. The resulting solution was heated under reflux for 1.5 h. Next, the mixture was cooled, poured into water with ice (150 mL), slightly acidified with HCl, the precipitate was filtered off, washed with water and dried. The resulted creamy precipitate (560 mg) was subjected to column chromatography (AcOEt) to obtain a slightly yellowish, solidified oil. Yield: 530 mg, 86. of 3β-succinyloxy-12-thioxo-12a-aza-Chomoolean-28-oic acid methyl ester (7) : A solution of compound 7 (618 mg, 1 mmol) in 5% ethanolic solution of NaOH (18 mL) was refluxed for 20 min. Next, it was cooled and poured into water (90 mL), slightly acidified with HCl, the precipitate was filtered off, washed with water, dried and crystallized. Yield: 461 mg, 86.1%. MP: 184-188 o C. Spectral data and melting point agreed with compound 5.
3β-Succinyloxy
Alkaline hydrolysis
Replacement of oxygen atom with sulfur atom within lactam system of 3β-succinyloxy-12-oxo-12a-aza-C-homoolean-28-oic acid methyl ester (6):
To a hot solution of compound 6 (600 mg, 1 mmol) in dried benzene (6 mL), Lavesson reagent (404 mg, 1 mmol) was added and the resulted solution was heated under reflux for 30 min. Next it was cooled, and washed with 5% solution of K 2 CO 3 and water. The organic solution was dried with MgSO 4 , the solvent was removed and the resulting oil (550 mg) was subjected to column chromatography (C 6 H 6 -AcOEt, 1:1) to obtain a slightly yellowish, solidified oil which was crystallized. Yield: 365 mg, 58.4%. MP: 170 -176 o C. Spectral data and melting point agreed with compound 7.
